Background/Aims: Litter size is one of the most important reproductive traits in pig breeding, which is affected by 4 multiple genes and the environment. Ovaries are the most important reproductive organs and have a profound impact 5 on the reproduction efficiency. Therefore, genetic differences in the ovaries may contribute to the observed 6 differences in litter size. Although QTLs and candidate genes have been reported to affect the litter size in many pig 7 breeds, however, the findings cannot elucidate the marked differences of the reproductive traits between breeds. The 8 aim of present work is to elucidate the mechanisms of the differences for the reproductive traits and identify 9 candidate genes associated with litter size in Xiang pig breed. Methods: The changes in ovary transcriptome and 10 alternative splicing were investigated at estrus between Xiang pigs with large and small litter size by RNA-seq 11 technology. The RNA-seq results were confirmed by RT-qPCR method. Results: We detected 16,219 -16,285 expressed 12 genes and 12 types of alternative splicing (AS) events in Xiang pig samples. A total of 762 differentially expressed genes 13 were identified by XL (Xiang pig group with large litter size) vs XS (Xiang pig group with small litter size) sample 14 comparisons. A total of 34 genes were upregulated and 728 genes were downregulated in XL ovary samples compared 15 with the XS samples. Alternative splicing (AS) rates in XL samples were slightly lower than that observed in XS samples. 16
Introduction 23 24
In pig breeding, reproduction performance, particularly female reproductive performance, is a very important economic trait [1] .
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Reproductive traits are complex, and desirable reproductive phenotypes, such as litter size, are true polygenetic traits affected by 26 interactions between multiple genes and the environment [2] [3] [4] [5] . Each individual gene contributes to the overall variation in these 27 traits [3, 6] . Litter size is one of the most important reproductive traits and has a great impact on the profit of pig producers [7] . As 28 ovaries are the most important reproductive organs, they directly mediate ovulation and have a profound impact on the 29 reproduction efficiency. Therefore, genetic differences in the ovaries may contribute to the observed differences in litter size [8] [9] [10] . 30 3 To find the quantitative trait loci (QTL) and causal genes for these traits, several studies for linkages [11] [12] [13] and candidate genes 1 ([14-17] have been conducted by using modern molecular information. Many of the major genes involved in the prolificacy of pig, 2 such as ESR , FSHB, RBP4, PRLR, MTNR1A, OPN, BMP families, and GDF9 genes have been characterized [18, 19] . Genetic studies 3 have revealed an increasing number of associated QTLs and candidate genes involved in pig litter size [20] [21] [22] . Recently, several 4 studies of the transcriptome for reproductive organs reveals differentially expressed genes affecting reproduction and candidate 5 genes for litter size in European pig breeds [9, 15, 17] and Chinese indigenous pig breeds [14, 23] . Although QTLs and candidate 6 genes have been reported to affect the litter size in many pig breeds, however, the studies were only focused on specific species or 7 breeds and the findings cannot elucidate the marked differences of the reproductive traits between Asian and European pig breeds 8 and the variations of litter size between pigs. 9 Chinese indigenous Xiang pig is one of the miniature pig breed originated from the mountain region in south east of Guizhou 10 province. Small size, early sexual maturity, disease resistance, good meat quality and crude feed tolerance are the basic distinctively 11 biological characteristics [24, 25] . Large phenotypic variation in litter size was observed within Xiang pig sows [26] . To analyze 12 changes in gene expression across the entire transcriptome and to identify key genes relating to litter size, in the present study, we 13 collected ovary samples of Xiang pigs having previously a large or small litter size. Then at estrus after weaning, a genome wide 14 analysis of transcriptome and alternative splicing events of transcripts using RNA-seq technology was performed. Our results will 15 give an insight of understanding on the molecular mechanisms about Xiang pig fecundity and litter size. 
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Animals and ovary collection 25 A total of forty Xiang pig gilts were used in this study from the sows that previously had a large litter size (XL: n=20, TNB > 12), 26 and a small litter size (XS: n =20, TNB < 8), representing pigs with high and low fecundity, respectively. The gilts were selected after 27 their first estrus cycle. The animals were reared in the same environment and fed the same diet under a standardized feeding 28 regimen with free access to water during the experimental period. Information on the pedigree, breeding and performance of 29 breeding animals was obtained from the farm records. After weaning, estrous detection was carefully performed twice to three 30 4 times daily at proestrous and tested by a boar. Standing reflex was assessed by the back-pressure test. Reddening and swelling of 1 the vulva were measured visually. The expression of estrus was scored according to a standard scoring system [14, 27] . In this study, 2 we randomly chose six Xiang gilts from the XL (n=3; TNB mean=16.16) and XS (n=3; TNB mean=6.78) groups to perform the 3 genome-wide analysis of transcriptomes by RNA-seq. The ovarian samples from 6 Xiang pig gilts were collected with surgery at the 4 day of the third estrous when the gilts exhibited strong expression of reddening and swelling of the vulva, and standing reflex.
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Ovaries were dissected and collected with better ovulation points or preovulatory follicles on the surfaces of the ovaries. All 6 samples were immediately frozen in liquid nitrogen and stored at −80 °C un l total RNA was isolated.
8
Library preparation and sequencing 9 Total RNA was extracted from the ovarian samples in the two groups with Trizol reagent (TIANGEN, China) following the 10 manufacturer's instructions, and then the DNase I was used to degrade any possible DNA contamination. The quantity and integrity 11 of the total RNAs were assessed using the Agilent 2100 Bio-analyzer (Agilent Technologies, CA, USA). Total RNAs were stored at 12 −80 °C until subsequent analysis. The same sample was used to both the sequencing and RT-qPCR analysis. The oligo (dT) magnetic 13 beads were used to enrich mRNA. The purified mRNA was broke into short fragments by adding fragmentation buffer in the 14 condition of appropriate temperature, and then cDNA was synthesized using random hexamer primers and mRNA fragments as The raw sequence reads were generated by the Illumina platform and saved as a format of fastq. After removing low quality 22 reads (more than 5% unknown nucleotides) and sequencing adapters and being assessed by the FastaQC software (Q20 < 20%), the 23 clean reads were obtained. The pig reference genomes (Ssc 11.1) and the annotation files were downloaded from ENSEMBL 24 database (http://www.ensembl.org/index.html). The genome index was built by the Bowtie2 (v2.2.3) software. TopHat2 (v2.0.12) 25 software was used to align the clean reads onto the pig reference genome, which the maximum mismatch was not more than 2 bp.
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The Cufflinks software was used to assemble transcripts and to predict gene model. The HTSeq software was used to count the 27 number of reads which aligned to each gene and exon. FPKMs (Fragments Per Kilobase of transcript per Million mapped reads) 28 were then calculated to estimate the expression values of genes and alternative splicing variants. Asprofile (v1.0.4) software was 29 used to classify and count the alternative splicing events in each sample. Venny online tool 30 5 (http://bioinfogp.cnb.csic.es/tools/venny/index.html) was used for the statistics of the number of genes in each sample. 1 2 Identification of differentially expressed genes and differential alternative splicing events 3 The Bio-conductor package limma [28] was used for analysis of differential gene expression and differential alternative splicing 4 between two samples with biological replicates using a model based on the negative binomial distribution. The P-value had been 5 assigned to each gene or AS and adjusted by the Benjamini and Hochberg's approach for controlling the false discovery rate. P-value 6 ≤ 0.01, adj P-value≤0.05 and the absolute value of log2 Ratio ≥1 were employed as the threshold to determine the differential 7 expression genes or differential alternative splicing events. 8 GO enrichment analysis 9 Enrichment analysis of Gene ontology (GO) annotation was conducted on differentially expressed genes at gene or isoform level 10 using Gene Ontology Consortium online (http://geneontology.org/) .
12

RT-qPCR validation
13
RNA samples from the 6 gilts in the RNA-seq experiment were used to validate the results by quantitative real-time RT-PCR 14 (qPCR) . After removing genomic DNA by RNase-free DNase (New England BioLabs, USA), the total cDNA was synthesized using the 15 First Strand cDNA Synthesis Kit (Thermo Fisher Scientific, USA) according to the manufacturer's protocol. Real-time PCR reactions 16 were performed as described by the manufacturer in triplicate with Power SYBR Green PCR Master Mix on the BIO-RAD CFX98
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Real-Time System (BIO-RAD, US). The reaction was performed in a 96-well plate. Each reaction contained 5 μL of SYBR Green PCR 18 Master Mix, 0.4 μL of the forward and reverse primers (10 pM/μL), 1.0 μL of cDNA (5 ng/μL) and 3.6 μL of distilled water. Thermal 19 cycling conditions consisted of an initial denaturation at 95 °C for 10 min, followed by 40 cycles of denaturation at 94 °C for 15 s, 20 annealing at 60 °C for 30 s, and then a 55-95 °C melting curve detection. The GAPDH gene was used as a control in the experiments.
21
All amplifications were followed by dissociation curve analysis of the amplified products. Relative expression levels of the selected 22 target genes were calculated with the 2(-Delta Delta C[T]) method [29] . The statistical difference in gene expression between groups 23 was analyzed by SPSS software (v21.0). The results were presented as mean ± standard deviation. The correlation between the 24 results of RNA-seq and qPCR was calculated using correlation test (Pearson correlation) by SPSS Software (v21.0). Primer 25 informations can be found in additional file: We performed an RNA-seq analysis on ovary transcriptome from Xiang pigs with large and small litter size. The cDNA libraries 1 from 6 samples were sequenced using Illumina HiSeqTM 2500 platform. The total number of clean reads with maximum of 90 2 base-pair (bp) ranged from 49.9 to 50.39 million were produced after quality control and filtering. The reads were mapped by 3 TopHat2 (version 2.0.12) to Sus scrofa reference genome (Ssc11.1). 81.5% to 84.6% clean reads were mapped onto the Sus scrofa 4 reference genome respectively for each sample (Table 1 ). The unique mapped reads were used for subsequent analysis. FPKM was 5 used to estimate the expression at gene and isoform levels.
7
Changes of ovary transcriptome in XL and XS 8 After mapping onto Sus scrofa reference genome, in total, 16,454 genes were detected in all transcriptomes, including 13,899 9 known genes and 2,555 un-annotated genes ( Supplementary Table S1 , Fig 1) . Among of those, 16,219 and 16,285 genes were 10 detected from the XL and XS libraries, respectively. 16,050 genes were co-expressed in both XL and XS libraries, One hundred and 11 sixty nine genes were exclusively expressed in XL libraries, and two hundred and thirty five genes were preferentially expressed in 12 XS libraries (Fig 1) . The number of un-annotated gene in each library from XL to XS was 2,400, and 2,441, respectively. The 13 expression levels of those genes varied greatly, ranging from less than 0.1 FPKM to more than hundreds of thousands of FPKM 14 ( Supplementary Table S1 ). There were 27 top expressed genes in XL and/or XS samples respectively (FPKM>1,000) ( Table 2 ). 17 of 15 27 genes including TPT1, EEF1A1, TMSB10, FTH1 and 11 members of ribosomal protein genes, were overlapped between XL and XS 16 samples. Five genes (GPX3, ACTG1, TIMP1, COL1A2, and VIM) were dominantly expressed in XL libraries. Two genes (CLU, and 17 OVGP1) were the top expressed genes in XS libraries. The sequencing frequency of the top expressed genes constituted 11.7 ~ 15.5% 18 of the total expressed values in XL and XS samples, respectively. Most of the genes specific for XL or XS were showed low or very 19 low expression levels. 20 Differential gene expression from ovaries of Xiang pig gilts with large and small litter size were calculated by applying the cutoff 21 of expression values at FPKM+0.001, padj-value≤0.05, and log2 fold-change ≥1 or ≤-1. The significance scores were corrected for 22 multiple testing using Benjamini-Hochberg correction. A total of 762 genes differentially expressed between XL and XS samples.
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Compared with XS samples, 34 genes were up-regulated and 728 genes were down-regulated in XL samples ( Supplemental Table S2 ).
24
Most of the genes with greatest changes in expression were down-regulated genes. The range of log2 fold change values for DEGs 25 was from 5.94 to -5.96. The scatter plots used to demonstrate the up-and down-regulated genes identified in the ovary tissues 26 from XL and XS gilts ( Figure 2 ). Of these genes, 47 were highly upregulated or down-regulated genes with a fold change of more 27 than 4 (log2>2) or 30 (log2<-5) in expression between XL and XS, including STAR, NR5A1, MORN5, TSPAN1, FRK, TEKT1, LHCGR, 28 MTHFD2, ZSWIM2 (Table 3) . STAR (P-adj=9.5e-03) was the most up-regulated gene in XL group, whereas ZSWIM2 showed the 29 highest down-regulation (P-adj = 0.01 and logFC = -5.96). Alternative splicing events and differentially spliced genes in XL and XS 2 We used ASprofile program to detect 12 types of alternative splicing (AS) events in XL and XS data sets. The results were showed 3 in Table S3 . In total, 65,238 AS events from 15,047 genes and 66,086 AS events from 15,282 genes were detected in XL and XS data 4 sets respectively. Approximately, 92.8~93.8% of the total expressed genes underwent alternative splicing in XL and XS samples. The 5 ovary transcriptome between XL and XS showed similar AS patterns (Table 4 ). Three types of AS events (TSS, TTS and SKIP) were 6 predominant in pig ovary transcriptome, which accounted for more than 80% of AS events in each library.
7
The differentially spliced genes (DSGs) were investigated by using the same cutoff with DEGs. In total, 808 DSGs, which 8 represented 2,039 differentially splicing events, were identified between XL and XS samples (Table S4 ). Among these DSGs, 602 9 genes were both differentially regulated on the expression and AS level. Thirty seven of the differentially splicing events from 26 10 genes (e.g. TTLL8, STAP2, ZUFSP, LNX1, ARNTL, SPAG9 etc.) showed large (log2 fold-change >10-fold) differences in AS level between 11 XL and XS (Table S5 ). Furthermore, we found the DSGs were enriched in several gene families (Table S6) (http://geneontology.org/). The DEGs and DSGs were enriched in 120 and 110 GO terms (p < 0.05) (Table S7 ) based on biological 20 process, molecular function, and cellular component ontologies. Most of the GO terms were in common between DEGs and DSGs.
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For the biological processes GO terms, "process", "assembly" and "organization" were the predominant categories. For the GO 22 terms of molecular function, most of DEGs and DSGs were annotated with the term "binding" and "activity". For the cellular 23 component category, the DEGs and DSGs were mainly enriched in GO terms of the "cilium" and "organelle".
25
Validation 26 To validate the RNA-seq results, nine genes(SCARB1, LDLR, CYP11A1, HSD3B1, STAR, AKR1C1, SERPINE2, RARRES1, LRP8)were 27 randomly selected for quantitative PCR (qPCR). In the same RNA samples of the RNA-seq experiment, the expression fold changes 28 (2 −ΔΔCt ) of these nine genes were tested by using qRT-PCR. The expression patterns of these nine genes were in agreement with the 29 RNA-seq results (Table 5 ). This suggested that the results from the RNA-seq experiments were accurate and efficient.
8
Discussion 1 2 In this study, we constructed two libraries prepared from Xiang pig gilt samples with extremely large and small litter size. We 3 compared the ovarian transcriptome and alternative splicing of Xiang pig gilts at estrus with large (XL) and small (XS) litter sizes 4 using Solexa sequencing technology. A total of 16,219 and 16,285 expressed genes were detected in ovaries of large and small litter 5 size pigs, respectively. Among of those, 16,050 genes were co-expressed in both libraries. The expression levels of those genes 6 varied greatly, ranging from less than 0.1 FPKM to more than hundreds of thousands of FPKM. The 27 top highly expressed genes 7 (FPKM>1,000) were identified in the ovaries of large and/or small litter size pig samples (Table 2) . Of these top highly expressed 8 genes, GPX3 and TIMP1 were upregulated and OVGP1 and CLU genes were downregulated in the high litter size samples compared 9 with small litter size ovary samples. Most of the genes specific for XL or XS showed low or very low expression values. The 10 sequencing frequency of the top expressed genes constituted 11.7~15.5% of the total expressed values in XL and XS samples. The 11 strong expression of these genes in the ovaries suggests that they are important for ovaries development or specific reproductive 12 processes. For example, more than half of those genes were ribosomal protein genes. Ribosomal proteins (RPs) are ubiquitous RNA 13 binding proteins, the functions of which are not only to participate jointly with ribosome RNA (rRNA) in the synthesis of protein, but 14 also to take part in the regulation of gene transcription and the regulation of cell proliferation and apoptosis through its 
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GPX3 gene (glutathione peroxidase 3) and TIMP1 gene (metalloproteinase inhibitor 1) were proved to be related with oocyte 17 maturation or embryo quality in previous reports [32, 33] . TPT1 gene is thought to promote cell survival by enhancing the 18 anti-apoptotic response and suppressing proapoptotic activities [34] . The expression of CLU gene appears to correlate with cell 19 remodeling or differentiation that occurs during estrus [35] .
20
Previous studies of goat ovaries suggest that some specific differentially expressed genes identified by RNA-Seq are likely to be 21 important for improving litter size [8, 36] . Similar studies on litter size in Yorkshire pigs indicate that some of the top 10 most 22 differentially expressed genes are suggested to be candidate genes involved in specific reproductive processes [19] . In this study, 23 762 genes were differentially regulated in the ovaries of large and small litter size pigs (Table S2 ). A number of highly upregulated 24 genes with a fold change of more than 4 (log2>2) involved in steroid hormone metabolism and biosynthesis, cell adhesion, organic 25 substance metabolism, Ion transport and signaling transduction [ Table 3 ]. Even though the functions of a lot of genes are still 26 unclear, some of the highly upregulated genes found in our study have been reported to be candidate genes involved in 27 reproduction. For example, the STAR gene is required for cholesterol transport into mitochondria to initiate steroidogenesis in the 28 adrenal and gonads [37] . The NR5A1 protein regulates the transcription of key genes involved in sexual development and 29 reproduction, including STAR, CYP17A1, CYP11A1, LHB, AMH, CYP19A1, and INHA [38] . NR5A1 is expressed in multiple cell types in 30 9 the fetal, postnatal, prepubertal, and mature ovary [39] . The inactivation of Nr5a1 specifically in mouse granulosa cells causes 1 infertility associated with hypoplastic ovaries. Nr5a1-/-ovaries have follicles but lack corpora lutea, a finding that indicates impaired 2 ovulation [38] . Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are gonadotropins (GTHs) that signal through their 3 cognate receptors, FSH receptor (FSHR) and LH/choriogonadotropin receptor (LHCGR), to control major gonadal events in 4 vertebrates, including folliculogenesis and steroidogenesis in the ovary [40] . MTHFD2 is likely responsible for mitochondrial 5 production of both NADH and NADPH in rapidly proliferating cells [41] . PAPSS2 gene plays an important role in modulating ovarian 6 function and female fertility by control of the bioavailability of ovarian androgen [42] . Adrenodoxin, a versatile ferredoxin, is 7 involved in steroid hormone biosynthesis and vitamin D and bile acid metabolism [43] .
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The most significantly downregulated genes with a fold change of more than 30 (log2<-5), is presented in Table 3 . A lot of 9 downregulated genes are directly involved in cilium movement, receptor signaling pathway, hormone secretion, protein 10 modification and regulation of apoptotic process. For example, the fyn-related kinase (FRK) is a non-receptor tyrosine kinas, which 11 represses cell proliferation, migration and invasiveness by suppressing epithelial to mesenchymal transition [44] . 
17
In this study, a great number of alternative splicing (AS) events were predicted from the expressed genes in XL and XS data sets.
18
Approximate 92.8% and 93.8% of the total expressed genes underwent alternative splicing in XL and XS samples. This result was 19 similar to the AS rates in human [48] . We found that AS rates in XL samples were lower than that observed in XS samples.
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Alternative splicing is an important mechanism for regulating gene expression and generating proteome diversity [49] . An increasing 21 number of evidence has revealed that AS influences gene functions in animals and plays a decisive role in the generation of receptor 22 diversity and regulation of growth and development [50] . Many genetic diseases have been closely linked to higher than normal 23 rates of AS [51] . Therefore, we speculated the higher AS rates in Xiang pigs with small litter size might be involved in the progression 24 of lower reproductive capacity. In addition, we identified 808 differentially spliced genes (DSGs)(P-adj<0.05) and found that 602 25 genes were differentially regulated on both the expression and AS level. The DEGs exhibited diverse and specific splicing patterns 26 and events between the XL and XS samples. Most of top differentially regulated genes, including STAR, TSPAN1, FRK, PAPSS2, 27 MORN5, MTHFD2, LHCGR and TEKT1, also exhibited highly differentially splicing on AS levels. These results indicate that changes in 28 ovary transcriptome at estrus from Xiang pigs with large and small litter size were differentially regulated on the expression and AS 29 level.
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Finally, by analyzing the most highly expressed genes, the top DEGs and top DSGs in the large and small litter size samples, we 1 identified a total of 11 candidate genes (STAR, TSPAN1, FRK, PAPSS2, MORN5, MTHFD2, LHCGR, GPX3, FDX1, NR5A1 and TEKT1) 2 relating to porcine fecundity and litter size ( Table 6 ). The functions of MTHFD2, GPX3, STAR, FDX1, NR5A1, LHCGR and PAPSS2 3 involve in cell proliferation, response to oxidative stress, ovarian steroid hormone synthesis and secretion which may be closely 4 related to the gonad development, oocyte maturation or embryo quality. These genes increasingly expressed in ovary of Xiang pigs 5 with large litter size and promoted ovarian steroidogenesis and oocytes quality. They may be associated with high fecundity in Xiang 6 pigs. The functions of TSPAN1, FRK and MORN5 may be related to repress cell proliferation, migration and invasiveness. Reduction 7 of TSPAN1, FRK and MORN5 promotes cell proliferation. They may also be associated with high fecundity in Xiang pigs. TEKT1 8 involves cell motility. It is a spermatid specific gene which plays an important role in spermatogenesis, but its function in pig ovary is 9 unknown. In ovary of Xiang pigs with small litter size, the expression of TEKT1 was found to be higher at estrus stage, which might 10 have specific roles in gonadal physiology. Previous study identified 11 candidate genes for high litter size in Yorkshire pigs using the 11 RNA-Seq method [19] . Interestedly, in our study, two of them (GPX3, STAR) were also identified as candidate genes that may be 12 associated with high litter size in Xiang pigs. However, other candidate genes in Yorkshire pigs were completely different from that in 13 Xiang pigs. The results suggest that litter size traits were not only affected by common genes, but regulated by different genes due 14 to genetic differences between pig breeds. Feb 12, 2019 The present manuscript focused on the ovary transcriptome and alternative splicing of Xiang pig between groups with large and small litter size. Here are instruction for the asked questions by the honored journal eLIFE editor: * How will your work make others in the field think differently and move the field forward?
COVER LETTER
Litter size is one of the most important reproductive traits in pig breeding, which is affected by multiple genes and the environment. Ovaries are the most important reproductive organs and have a profound impact on the reproduction efficiency. Therefore, genetic differences in the ovaries may contribute to the observed differences in litter size. Although QTLs and candidate genes have been reported to affect the litter size in many pig breeds, however, the studies were only focused on specific species or breeds and the findings cannot elucidate the marked differences of the reproductive traits between Asian and European pig breeds and the variations of litter size between pigs.
The distinctively biological characteristics of Xiang pig are small in body size together with early sexual maturity. A large phenotypic variation in litter size was observed within Xiang pig sows.
To analyze changes in gene expression profiles, in the present study, we collected ovary of Xiang pigs having previously a large or small litter size at estrus after weaning and performed a genome wide analysis of transcriptome and alternative splicing events of transcripts using RNA-seq technology. RNA-seq technology produces vastly more sequence data in a cost-effective way and in a much shorter amount of time, allowing a deep characterization of the transcriptome and genome-wide analysis of alternative splicing in a variety of cells and conditions. Our results will give an insight of understanding on the molecular mechanisms of the marked differences of the reproductive traits between Asian and European pig breeds and the variations of litter size between For the topic of alternative splicing events in transcripts, many work used RNA-seq technology to detect AS events in transcripts. For example, Wang et al (2008) analyzed AS event from the human transcriptomes of ten tissues based on deep sequencing of cDNA fragments [48] and the proteome diversity by trypsin [49] . They found that many genetic diseases was closely linked to higher than normal rates of AS [50, 51] . However, there are little reports on the roles of AS in regulation of gene expression and function in pig ovary.
Using the same design to take the ovaries with extremely high and low litter size and RNA-Seq method, we analyzed the expression patterns combined with AS events in transcriptome of Xiang pig ovary. Firstly, we found a large amount different expressed genes (DEG) between ovaries of Xiang pig with large and small litter size. Most of different expressed genes were enriched in the same process in gonad development, ovarian steroidogenesis and oocyte maturation processes, which were similar in Yorkshire, Large White and Mi pig breeds (19, 37) . Interestedly, in our study, two of the top DEG (GPX3, STAR) were identified as candidate genes in both of Yorkshire and Xiang pigs. However, other candidate genes were completely different from that in Xiang pigs. The results suggest that litter size traits were not only affected by common genes, but regulated by different genes due to great genetic differences between pig breeds.
Secondly, We found that approximate 92.8% and 93.8% of the total expressed genes underwent alternative splicing in two Xiang pig groups. This result was similar to the AS rates in human [48] . Therefore, we speculated the higher AS rates in Xiang pigs with small litter size might be involved in the progression of lower reproductive capacity. The outstanding finding was that we identified 602 genes were differentially regulated on both the expression and AS level.
Most previous works take the version of Sscrofa10.2 as reference, which released on Aug 2011 and contained too much repeat sequences and gaps. Different version of pig genome reference might affect the results. It is worth to denote that the current version of pig genome sequence, Sscrofa11.1, was used as refer in the present manuscript. The reference sequence in version Sscrofa11.1 released on Jul 2017 was much more accurate and shorter (with 2.4 G base pairs) than that in version Sscrofa10.2 (3.0 G). * Who do you consider to be the most relevant audience for this work?
Students, teachers in University and institute; Farmers and researcher working in pig breeding might be interested in reading and referring to our work.
* Have you made clear in the letter what the work has and has not achieved?
The outstanding findings in this work are following:
(1) we detected a large amount of expressed genes and twelve types of alternative splicing (AS) events from Xiang pig ovaries. A total of 762 differentially expressed genes were identified based comparison between XL (Xiang pig group with large litter size) vs XS (Xiang pig group with small litter size) groups.
(2) Alternative splicing (AS) rates in XL samples were slightly lower than that observed in XS samples. Most of differentially expressed genes were also significantly regulated on AS level.
(3) Eleven candidate genes were identified to be related to Xiang pig fecundity and litter size, which may be closely related to the gonad development, oocyte maturation or embryo quality. In this study, 762 genes were differentially regulated in the ovaries of large and small litter size pigs. A number of highly upregulated genes with a fold change of more than 4 (log2>2) involved in steroid hormone metabolism and biosynthesis, cell adhesion, organic substance metabolism, Ion transport and signaling transduction [ Table 3 ]. The functions of some genes have been demonstrated in human or animals but lots of them are still unclear. For example, the STAR gene is required for cholesterol transport into mitochondria to initiate steroidogenesis in the adrenal and gonads of mouse [37] . The NR5A1 protein regulates the transcription of key genes involved in sexual development and reproduction, including STAR, CYP17A1, CYP11A1, LHB, AMH, CYP19A1, and INHA [38] . The inactivation of Nr5a1 specifically in mouse granulosa cells causes infertility associated with hypoplastic ovaries. These gene may be associated with high fecundity in Xiang pigs. TEKT1 involves in cell motility. It is a spermatid specific gene which plays an important role in spermatogenesis, but its function in pig ovary is unknown.
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